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1.0 INTRODUCTION

The use of enerry conversion deviess with solar energy as the input source
shows promise for use in space applications, particularly for extended periods
of time and at higher power levels., Lightweight, efficient solar concentrating
structures have received comsiderable analytical attention. The work described
in this report extendse the study of solar concentrastors into one area of the

fabrication feasibility phase. The work was accomplished on NASA Langley

Ry g
- T~

\ ; . .
14 Contraect ﬁAgwj-ISW over the period froml}? June 1362 to 14 September 19931 The

study entailed the fabrication of three 60 inch diameter aluminum conczntrators

by the stretch {orming proecsess.
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o.0  CUTRARY

l Thr=e collectors ware delivered to JASA Langley for evalustion per the dellvery

schedule in Soction 3.r-.

Sy delivery of th

met.

Inspection o the colleciors showed the following:

1. Surface errors were encountered during stretch forming and

were traced to a subgrsads dile and formation of Luder's

streteh marks.

. Additional surface errors were encountered during assembly

of the naraboloidsl chell snd were predominantly located

at the sector Joints.

1 3. The surface quality therefore is not as high zs should be
achisved for use in 2 hi-h temperature conversion device
sueh as the thermionic type. lowever, 1t 1s quite adaquate
for uss with lower tempersture convergion devices such as

the Rankine und tasrmoelectric types.
- 2
. The welght was measured at 0.58 1b; £t~ of collector intercepted

o
aren, which meets the 0.5-0.8 1b/{t" desigm goal.

5. The §/11 2 collector is predicted to be the best optically

and should be evslustsd {irst.

£
\
f

5. The surface imperfectlions which prevent the ecollectors from

{

meeting the deslred use for thermionic conversion devices have
been =svialusted and are primsrily dus to s subgrede dis. The

use of the die was neoessgitwted by a4 limitestlon in Tunds,
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wherein threr attemphs were made at obtalning the desired

quallity. lovever, the main causc [or not mesting the quslity

was not beceuse 1t cannot be achieved, but because an improper
choice of dio fabrication methods wus made. Such a die quality
can be achleved, bub with the additionzl expenditur= not available
to this study. Therefore, th: decision to study the remeinder of

the frbrication aspects without the desired die quality was msde.

Additionxl work should be conducted in the fabrication of aluminum
streteh formzd conecentrators. With improved die quality and sector
Joint design and use of an aluminum «1loy that do2s not exhibit
ctroteh lin=s, it is expectsd thnt the nerformance requir:ments
can be met. The aluminwn structurs is attractiva.bfc&uso of the
iow epecific weight comsred 4o other materials of construction,

and 1t is non-mignetic.

T

g BV
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| 3.0 DISCUSSIOL.
' 3.1 Desi:n Spe=cificution

! Th: collectors were fabricated for svaluation as to thelr possible use in space
! nowary eonvorsinn systems. Therafore, they would ultimately be required to pass
environmentzl tests typical of launch and space conditions as well as meet
cnecific rerformance requiresments. Once a collector geometry is established,

ite performonce is primarily a function of the surface quality, 1f orientation

cecuracy and curface refleoectividty are ignored If a collector conld he builtk
f% which would m:o%t the most difficult hest converter requirements, it can then
i
, be used in sny other energy converter application. Th: design goals for this
2 contract were therefore set to meet the r=quir-ments of the thermionle conversion
gystem beecause of the higher temperature operation. The contract 8tatement of
Work 1s repeated here. "Three solar concentrwtors shill be fabricated with
dasign poals ws follows:
o 3.1.1 To be used with u 2000%K cavity sbsorber.
| %.1.7 Sixty inch diameter and 60° rim angle.
J “.1.7 Jeometric concentrntion erficiency of 95% zt an absorber

cavity aperture diameter of 1.0 inch. (’ross ares

concentrution retio of 3000:L) This efficlency does not

include reflection, shulow, wbsorber and misorientation losses.

2.1.4 onded sluminum construction with pirabololdal sectlons

H
I . febricnted by the streoteh forming process.

2.1.5 Speelfic veight of 0.5 to 0.8 pound per square foot of

coneentrstor intarcepted ares.

; 3.1.0 A circular ring shill be attuched st the outer portion of

Ll oareboloidal sie 1l to nrovide mounting mnd stirfening

i 0i nin- cessmbly.
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3.1.7 & aigh quility refloctive £1lx shell be vicuwr evapors:ted
onto the reflective sid- ine overcoat~d w<ith silicon oxld=
for nrotection rurposes. The reflectisity to the solur

- oy b

eetrum ghall bo O.

o

3.1.7% Exch conesntr-tor shall be optically inspected over the

entire srea to determine surface jquulity.”

4

It shoulu be noted thet the deslgn objictives irc primarily to astsblish

rearibility of the stretch forming method us to whother it can provide the
reguicred o tic 1 performanc> =nd bes lightwsight. Although refined vibrztion,
.cceleration, shock nd other -wntlyses were not appropriute st thie time, these
wopects hiuve been considerad. Theose aspects have been studied in previous
company snonsored nrograms. Th» membrune shell and stiffener ring concerts were
a rasult ot those studizs. For thie reason the collectors are preprototype in

nature roth-r th.n bradbounrd.

3.2 Delivery Schedule

Th: cont.ct enlled for ¢-livery of th- three coll .ctore nd fin:1 report as

~howm below.  Also showm are the sctusxl shinsme.nt d-t-s.

Itom Requir:d Shipment Actusnl Shinment
s/1 1 17 weeks after receipt of contract £ weeks after
s/u 2 13 w2eks 10 weeks
s/mn2 14 weeks 13 a4esks

Pin.l 10 weaks 13 weeks
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3.7 (Colloctor Coniiguration

The collsctor acsembly is comprised of s cingle thickness {membrane) paraboloidal
chell reinforced at the outside edge by a circular ring as shown in Flgure 3.3-1.
The shell is assembled from eight 45° sectors joined at the radial edges by an
adhesive bonded lap strip. The circular ring is assemblad to the back side of
the shell. A three point mounting attachment on the clrcular ring per HASA

Langley drswing LC 203404 is nrovided z2s ghown in Figure 3.3-1.

Th: single thickness shell concept wns chosen for several reasons. First, a

hirh depree of rigidity to loading is inhesrent dus to the curveturs of the shell,
wileh 1c not cectioned for stowage. Therefore, thore ls no need to provide a
lure» section modulus to resist beam-type deflections. Desides, the mode of
vilure of thr sh:ll would be by buekling rather than by excseding the elastice
limit,. Aluminum nrovides adventage over other materials such as steel, nlckel,
or conpar becsuse of the lower density. Figure 3.2-2 1llustrates this, where
thickness is obtuined whin the equivelent pressure is less than the critical
prassurs. lote the resulsing speciile weights for the metals chosen. This
analyeis zesumes equal extrrnally anplicod pressure s equivalent to inertis

lo:dz due to 4 shoek load or 100 g's. A thickness tor «luminum was chosen to

be .0L10 inch, .lthough the cross-over point oceurs :t .011 inch. But this allows

a# reasonabl- factor of safety Yor this first slzing of a collector.

Secondly, tne singl: thickness shell will hive improved surftce quulity because
thers is no noxd for reinforeing ctructure on the rear fues such =s honeycomb

or the various modiiications th reof. To meet the sume per-squares-ioot-weight,
« thinner r@flﬁctiVj faes would be necsesary where core mark-off would be even

moye pronounc.d.
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Third, the single thickness shell provides a ainimus heat barrier from th2 front
0 back faces, wnd thermsl gradionts will b2 minimized <s to their distortion

21'f'2ct on onticnl performince.

Plicoment of the ring st the outer diameter introduces the stiifening necessary
to transfer the uniformly applied liunch loads to the support points (three in

this csse). It should be vointed out that the ring designed for this contract

is probably not optimwr in ~ither welght or stiffness. ‘lowaver, 1t serves as

an adoguete item for the purmose of thic study contract. There are two apnroaches
’ to the deegign 01 the stilfener ving denending on s more thorough study of the
; tempercture hictories at verious locntions on the sn-ll and ring as sun~to-chade
cyeling occurs. Fioure 3.2-3 shows conc:»t A where the ring iz attached directly
o the shell. Concept W introducces & cylindrie=1 skirt between the actual
: | ctlifoning section ind the shell. The l:ter concept is expected to allow larger
- thermal grodients before shell dictortion is appreclsable. For thls contraect,
£7
& conecapt I wao used because the tolerances on ring roundness and flatness are
nuch less, nnd funds d1d not allow an expensive ring fabrication. Whether
i§ ) thermal or nackaglng requirements dictate the use of concept A shall be consildered
f} wuen it is shown that this method of fubrication will meet performance requirement$.
%i
An wddition:l :dvantage in the us» of saluminum alloy for construction 1s its
ia non-macmetlic ~roperties. Egquipment or instruments wwhich sre part of the payload
l snd are sensitive to wagmeiic meterisls will not be influenced by the relatively

large aros of the oluminum collector.

EORCT—-; |
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2.+ Sector Forming

Th~ RSO sectors used in the sh~1l1l azsembly are formed by the stretch forming
frocess.  The stock 1e rulled over th- die in tension =s in Flgure 3.4-1. To
wehleve the shep2, the stock is strotehed beyond its yield point, where it enters
#h: plustic range and retnins the formed shaped with neglipzibls springbeck.

-5 )

Firure 2.04-2 vhows the stroteh forring michine. Figure 3.4-3 shows stress straln
curves for some 5052-0 sluminum =1loy test cneclmens from the same lot as used

in Jorming th2 s2ctors. Hote that the aver.g- elongation down the center of the
sh-»t wus 2.0 percent and slong the edge wis 0.0 percent. It is suspected,
nowrer, that the olongation between the die adige and the jaws was greater than
tiv-se vilues beecause of Iriction between the stock snd die. In some of the
enrlier stretchoes, fractures occurred wt the die edge in the viecinity of line

A=X il wloo at the jaws in the vieinity of line Y-Y. ilowever, onece the correct
ctoek lenosth, initisl jaw setting and finsl jaw setting were established, stock

racture wes rar»>.  The formin; sction took 1.5 seconds so thzt straln rates

were QL in,in/cec.

When the jaw tension wae removed, tiere wae little Indieatlon of springback since
no volds could be detected visuzlly or wudially by finger tanping the stock. The
nrocaess has good forming quiiities. HEven dirt, halr or die dofects are faithfully

reproduced when encountered.

The 5052 -0 aluminum 111oy was clocsen for two roasons. First, 1t is = work
hurdendng wlloy rather thea hoot treatsble :nd thorefore is less susceptible
to ng2 hardening nna sny »oessiols susfaes shaps changes.  Second, it is one of
th- +lloys th 't crn be sulisd witn » curface {inich less than 2 microinches

2.0 s in lerge wicths.  The toleknose sie specifled ne 016 inch.
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The die was fabrieated from the back surface of a glass searchlight mirror and
is composed of a reinforced epoxy ocuter surface with an under structure made

of wood and reinforced plastzr. To form a male die from the mele master an
intermedints female pattern was made. Despite three attempts ot making the die,
the $£insl surface was not an zxact reproduction of the master. This does not
mean an =xnct replica cannot be obiained. The vendor chose to make the female
of "¥iydrocal" plaster and; egp:cially on the first two, used hand touch-up
techniques. Tnspection of the third attempt showed a vast improvement over

the first and szcond, although some defects were still noted. ‘owever, ths

limitetion of funds forced acceptance of the thnlrd attempt. The effect of dle

defecte will be discusssd in the section on inspection.

To #vold dis dofeets in future forming, one of three alternatives can be made:

1. Form over the glass master.

Fabrlcute from the glass macter an epoxy female and an

AV}

epoxy die, without any surface touchling-up.
Yy ’ Y I

3. Fabrieate a snin casting and cnst an epoxy di= from 1t.

The first or sccond choice would be used to build =dditional collectors of the
geometry uced in this contract. For other geomctries, the third cholee would

be used slnce spin casting produces highly accurate paraboloidal surfaces.

During the foruing process, it ws noted that Luder's stretch lines were forming
and caucing surface distortions greater than the surface improvement process

can cover. This wis on unexpected result since these lines are selddm
epcountared in such & pronounced manner in other metals. They were not

apparent Wwhen 31, stainless 8teel wis stretched over the same dis. ‘owever,

o

TEF X4 REV
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a general duiling of the surfree lustre was noted in the 316 stretching. In this

es2 the pluctic deform:tion was probably occurring by very fine laminse slippage

L
Q

which did not cause pronounc2d Luder's lincs. The surface improvement process

can ve applied with succass, therefors.

The specimens recorded on Figure 3.4-2 were “ensils tested to determine whether

the Luder's lines were aggravated by the compound curvature being formed or

i
! whather elongation into the {far plastic region had a bearing. The flat speclmens

did torm Luder's lines comparable to those during forming and occurred early in

S

the plastic region as shown. Howaver, the rate of strain application did have

a bearing. The faster strain rates produced finer Luder's lines. But the strain
rote in the stretch forming exceeded the tensile test rates by at least 10 to 1.
Therefore, it was concluded that there wus no effect due to the compound curvature,
e that the lines formed despite the location in the plastiec region and there was

no need to incrzase the rate of straln application.

»
i The next step was to determine the degree of Luder's line formation from one
7% alloy to another. Tt was fouid thet the S050 1s on~ o the most susceptible
4
\ to line formation and that the 3003 2lloy, or particularly the 3004 alloy, has
2% a2 morked reduction In strain mark severity. There 18 also a reported reduction

in lines when stretching e 1/4 or 1/2 hard alloy insteed of the soft conditionm.

: .

Howsver, the reduced elongation property and small spread between the yield and

¢ ultimate limits will meke these teompers herder to control in forming, if not

preclude thelr use altogether Tor this particular shepe.

v

During forming it was found necessary to protect the stock from being scratched

by the die surface. ‘nprotzcted sheets showed considersble surface scratching




P
i

L |

e

2o
|
i
3
|

Latebh

PAGE 11 oF

ER-5048

Thompson Ramo Wooldridge Inc. REPORT NO.
CLEVELAND, OHIO. U. 8§ A.

which could not easily bLe covered by tae suriace ilmprovement nrocess. Several

methods of introducing a buffer matarial wers tried with varying success.

1. Mystic brand "Protecto Mask" tape was applied to the stock.
This is a low adheslon type tape which was applied in single

widths.

AS}

A sheet of polyethelene or PVA (poly vinyl alecohol) about .005"

thick was attached to the stock by taping along the edges.
3. A sheet of PVA was stretched over and taped to the die.

L. A commercisl die wax often used in stretch forming to

eliminate or minimize scratching was applied to the die surface.

The use of plastic sheets or dies wnx applied over the die surface were the

most successful in e=liminating scratches. Application of the Mystie tape or
nlastic sheets to the stock eliminated scratching, but they took more time and
effort to apply and to remove them. A difficulty encountzred in the use of gll
these buffar methods was that any lmperfections in the sheetc or ~ax marked

off on the formed stock. 1In all cases imperfections were noted. The least
amount of mark-off was noted with use of die wax. Although,non-uniform
thicknesses of wax during spplication to the die surface showed up as less
detectnble surface deviations because they covered larger areas, Additional

work must be done in obtaining better plastic sheets or in uniform apnlication

of die wax.

In general, the distortions encountered must be eliminated. However, the formed

sheets used for all three collectors were made in one production run. A total

TR R RE v




.
A

[E——

. |

S
3

e

PIS——

PAGE 12 OF

ER -5046

Thompson Ramo Wooldridge Inc. REPORT NO.
CLEVELAND, OHIO, U. §. A.

of 33 perts were s' retcehe?.  Tegaues of fund M-ifatdionzn, 4 srccond run witl

the 27 1tion.l curt »T ctack ~wirchage, die set-up and forming couls not be made.
To truly evuluste the stretena lorming procoss, Lt will be necesszry to obtain

a better die, purchase new alloy stock, obtailn an adequate buffer sheet and

make a second production run.

3.5 Bector Trimming

Ths sectors wers trimmed
A high speed, rotary slotting saw wns used to avold edge distortions resulting
from the usual tin snilp or aircraft "nibbler" tools. The stretch formed stock
wit pluced on the glass master with 1/4" thick plexiglass strips between the

stock and master so us to prevent master damsge. Rails were used to guide the

saw when cutting along the radial edges. When cutting slong the outside diasmeter,
the saw wos sttached to a rotating beam centered at the vertex of the master.
Alter sawing, the sectors were deburred withoﬁt difficulty with « file. The
trimuing oparation wus quite successful. Only :n occasional dilstortion was
sncountered when the slotiing saw would stop. A slipghtly larger alr motor

should eliminate this. TIn most cases there was little if sny edditionsl file

trimming required when the sectors were assembled together on the master.

The arex on the back side of the sectors where sdhesive was to be applied was
roughened with emery paper to provide tooth for good shear strength in the bond.
Howaver, part way through febrication of £/¥ 2 1t was noted that this caused
stress relief on the surfacs layer and a resulting surface distortion. The
procaiure was discontinued and the aress are now merely cleuned with solvents

prior to bonding.

T L
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3.¢ Surfaces Finish Improvement

In order to approach a mirror-like surface finish, it has been found that
aluminum 2lloy sheets cannot be used as received. This applies to stock before
or after stretch forming, and should not be confused with the Luder's linee
discussed 1n the section on forming. The method used to improve the surface
finish is to =2pply a "lacquer” type coating which results in a vest improvement
in finish and can be classed as mirror like. Figure 3.6-1 shows s before and

after comparison.

To ensure that the resulting laysr is space worthy, the coating material should

o
[+

a 100 percent solids nolymer when cured out. The thinned epoxy types appear
£0 be well suited for the application. In this case, the»thinner is volatile
and is used only to essure a low viscosity liquid to provide a smoothner surface
finish. The majority of thinner svaporastes in a matter of minutes and is

completely driven off during the cure cycle at elevated temperature.

The sectors w=re cleaned prior to application of the surface ilmprovement layer

as in Figure 3.10-10.

The couts can bo applied by ~ither spraying or dipping. To date, the dipping
technique has been more successful, slthough there are some advantages to
spraying. In both cases, the process hse not been refined to the point where
the cured coats «re adequute. Two difficulties have been encountered; particles
of dirt are noted on the surface and there ars occasions when very minute
"bubkles" are noted which reduce the reflectivity of the subsequent vacuum
evaporated aluminum {ilm. The particles can be eliminuted by proper clean

room procedures not availuble to this process because of fund limitation.
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The"bubbles"are quite small (.round .0017) =nd It hxe not been determined whether
they ure eir, water vapor, thinner or even coagulutions of epoxy and catalyst.
Some sampl:s have been conted which are free of "bubbles” and others treated
apparently in the same menncer are covered with them. Again, a lack of funde

has prevented the investigation thet the "bubble” problem warrants, and it
arpaars to be only marginal iﬁ nature. The thinner composition, cure history

and humidity are suspects at this time, in that descending order of importance.

Counts applied by dipping measure from .0001" to .0005" thick, depending on
whether the measurement is takon from the top or ths bottom, relativa to the

way the sectors are placed to drain off excess liguid.

The S/N 1 collector was spray coated with "Relac”, a commercially available
surface finisher, because the thinned epoxy techniques were not gquite adequate
et the time. This product does not cure out to a 100 percent solids polymer
becoause acetone and toluol attack the film, whereas the thinned epoxy films are
esistant to these solvents. The 8/i! & collector was dip couted with thinned
ppoxy because previously coated samples were adeguate. IHowever, four of the
sectors showed "bubble" patterns whereas the other four were much superlor.
The eight sectors were coated in the same batch, although the poorer ones were

coanted last, which indicates a cure-history quality control requirement.

The sectors ware individually coated and subsequently reflective and protective
filn coated individuslly. This method was chosen, over the more desireble
application of the three coats onto a complete collector, primsrily because the
processes wore not Jeveloped enough to a1llow confidence that a complete collector
would not be scraped. Ultimately, it will be desirable to apply couts on the

complete assembly once process control is achieved.
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DT B leekire Coting

The reflectivity of tae sectors wis inceressed by vacuum evaporation of 99.99 per
cent pura aluminum over the suritce improvement coating. Prior to evaporation
of the aluminum, hthe sectors werc cleaned by ion particle "glow" discharge

and then coted with a layer of silicon oxide by vacuum svaporation. All three
gnnuences were accompliszhed vituout breaking vacuum. However, the tank pressure
nnd sequence durdations were diff'erent as shown in Flgure 3.10-10. The resulting

coatiny tihilcknesces are also shown.

There wue no cleaning porformed on th- sectors between the surface improvement
nrocess and the reflsetive coating nrocess otiner than the discharge sequence

whils in tnn vacuum tank.

2.8 Protcetive Coating

To nrotret the sluminum coating aysinst hondling as well as degradation 1f
axnosed to higsher tomperatures, a cont of silicon oxide was vacuum evaporated
ovar the lw:inum. The thickni:ss s ro shown in Figure 3.10-10 and were

Sprlicd oithout breaking vacuun following the saluninum evaporation.

I it ic necessary to clenn tne coll:etors dus to dust or fingerprint sccumulation
tne surface can be gently scrubbed with o lint {ree cloth and a 2 percent
solution of Aerosol OT In wuber., Finse with warm water, preferably distilled,
£o nvold witer stalns. The silicon oxide layer can be scratched 1f pressure is

hird wnow h, however.

The Sunflow: 1 v cuuz tenk was used to apply the reflective and protective films.
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5.9 Shell and Ring Assombly

The some gluag searchlight mirror used to fabricste the streteh forming die
was used to assemble the shell. Figure 3.9-1 shows the assembly in process.
It wue necessary to take care while placing the sectors in pluce to avold

scratching the silicon oxide nrotsctive layer.

When th~ sectors were in place, the areas of bonding were cleaned with solvents

i e . B 3 Y P A [ R A T
LU dsblul'e pUOUM ALIb LIl v 1. WLLET LiiGLL Ry ENY)

P

e .. R =) e il
Cle O of .01t

it

obtuined from the excess stock trimmed from the streteh formed sheets, were

¢ used to lup join the sectors. The adhesive was reinforced with two layers of

cotton frbric to assure good rill-in between the sectors and the strip.

A polyethylene bag was then placed over the assembly and a vacuum drawn such
thnt the shell was held intimutely against the master with a 10 PSI load over
the entire surface. The nmaster was not loaded, however, because atmospheric
pressure oxisted over the convex and concave sides. The adhesive was room
temporature cured for a minimum of 19 hours before further fabrication was

performed.

It was then necessary to break vacuwn by removing the bag in prenaration for
attaching the stiffener ring to the shell., Howevear, during curing of the
ring-to-chell adhesive, a vacuum was nagain applied between the shell and master
£o assure that the shell did not deviate from the muster shape. The roundness
and flatness of the stiffener ring =dge which butt=d against the shell did not
meet th: tolersnce and required cutting wnd {1ling to assure contact along the
entire circumference. The difficulty here was that fund limitations did not

allow adequate Tixtures and tooling for fabrication of the ring. In sny event,
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th> che1ll shaepe did not suffzr. The only objections to the resulting assembly

were anpaarance and the eftfort requirad to correct the out~of-tolerance condition.

e adhesive was applied along the outer surface of the shell-ring Junction and
was rzinforced with two layers of fibre glass cloth. The coefficient of thermal
zxpennion of fibre glass reinforced adhesive closely matches that of aluminum,
thus minimizing any thermal distortion effects on optical performeance. Also,

ot e P emreasd et d A 3
o reinforced junction s wvastly
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ot
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hag wasa applied over only

th» bonded ares to zssure 2 good bond contact. But the loading wae not such

¢ “hst the shell or ring were distorted. This precautlon was taken to avoid

dictorting the ring agoinst the shell which would cause shell distortions after
removal of the load. Again, the room tempersture cure was uninterrupted for a
mininun of 15 hours. Finally, the three mountinpg brackets were bonded to the
ring with cotton fabric reinforced ndhaosive aﬁd vacuun bagged for an additional
1% hours minimum. The shell therefore had un accumulated cure time of 45 hours
mininun with vocuum applisd betwsmen shell wnd master. This was an adequate time
to avoid post-curs distortions. All the adhesives used in fabrication of the
threa= collectors were epoxiss possessing shear strengths of 3000 PSI or more.
Th buck side of the sh»ll and the mounting ringz and brackests were spray painted
bLluick. ilowever, = flight prototype may not necessarily have a thermally "black"
surface, depending,of course, on a thorough study of the heat transfer require-
ments of the tssembly. Figure 2.9-2 shows front and back views of S/N 1

collactor.

Optic2l inspection of S,4 1 incicated that the master was distorted. A specisl

ingpection devics, as snown in Fljure 2.9-3, was fabrlcated and the master shspe
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son mearured.  To avold expense, the device was surnorted on the master in the
aren 0F the varter. ig, of courss, ilntroduced errors Into the measurementa
but the effects could be separated out and minimized by finding an optimum

nosition for th: three legs.

[}

£t wis shown that the master was distorted during cure of S/H 1 and surface
slope of un to 15 minutess oxisted. Figures 3.9-4, 3.9-5, and 3.9-6 show inspectiof
results of three support methods, as identified on =ach sketch. The lines of
constant -=lovation relative to the lowsst (zero) can be used to get a good
anproximation of surface shape. Note that the master shape in Figures 3.9-4
and 3.9-5 is ellipsoldal and thiat the zero elevation lines are 90 degrees out
of phase. This means that the master could be positioned to an optimum shape
with minimum surface slope errors. The master was then éupported at six

ad justabla support polnts on a eircular ring. The resulting shape was much
improved ns Figure 3.2-6 shows. The maximum slope error in the first two
sumort methods was nbout 14 minutes, and a large percentage of slope errors
woere naar this value. The maximum error in the tnlrd support method was about

& minutes, but only a small percentage of errors were near this value.

2.10 Insnection

Buch of the collectors was optically inspected on the projected grid rig shown
in Pigure 3.10-1. The resulting data gives a direct measure of such surface
slope errors as result from streteh forming, sector trimming and shell assembly.
Brrors duc to Luder’'s lines and surface finilsh cannot be evaluated on this rig.
The naturs of the surfacs »volu.tion is similar to that obtained with the ray-

trace method vsing s collimuted lisht source. The major difference is that the
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sntire enll ctr inspection can be recorded by one nhotograph. This zllows a
nenoremic chudy of the collmctor zurface, wnd thersfore provides a rapid

srdlustlion of the surface charactoristics.

FPlpuces 3.10-0, 2.10-3, and 3.10-4% ar2 the photographs of serilal numbers 1 to 3,
respoctively.  The clurity of the shadow in S/iH's 2 and 3 is due to a better
collector curfeca finlshi. Actuslly, three rhotographs of each, taken every

lCOO, are trken to give better resolution. This wag necessary because the

camer . wus off to one side ot the riz. Any nortion of the collesctor surface
lying benenth 2 srid line can be studied, +lthough the grid intersections provide
the best points for measuremsnt. Jetter resolution cun also be obtained by

enlarging the photographs un to 10:1.

The reduction of dota is tedious, in thit about 1650 grid intersections occur.
Eaeh devintion must be measured snd converted into wn angular error as follows:

@ A
:‘ I—l
Jhore
¢ = surfuce slope orror, rodi-ms

L% = displicement of grid siadow from nattern on screen, inches

L = diztonee betwsen grid znd screen

2

FLour 2,10-% chows the meaﬁurmihlx vilues for &/ 2. Figure 3.10-C shows the

conmrtad suritee ¢lome errors.

The measurad i & vilues wero tukrn directly {rom o full size rsther than enlarged
shotogsraph. Counlsd with th» varying scealo, due to the off angls position of
the cragers; the uscceursey of date reduction ris not g good ns could be obtalned.

Tovsver, the measurzments ousht to b within 10 percent on the larger values

i
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snd (0 peresnt on the smeller ones. The distribution curve on Figure 3.10-0

ousht mo b s good first anproximetion.

There ars two points of 2.10-0. Ons; there sre some sectors

whlcn are considersbly bebtter thon others. Two, the distribution curve nodal

noint is not ~t zero surface zlope error. Figure 3.10~7 shows the surface error

distribution Tor the best and the worst sectors. lote that the nodal points

sgaln o not oceur b zore, but thit there is a considerable differencs between

% Ji- o
i tiv: two. Mlso, scoctor #7-0 s two nodes.
B
7 Referring buack to Figure 3.10-(, the sectors 6-7, 7-8 and 3-1 show a higher

 incidence of large swrface errors thun do the other five sectors. In checking
y H
: back to the stroteh form log sheeots, it wus noted that th: three poor sectors
. i ware trimmed from str-tched she-ts numbsrrs 1 and Z, whereas the others were
L from numbers ¢Z, 27, 30 wnd 33. The significance hers is thst the earlier
o stroetched sheets did not streoteh over the die surfsce as well as the later ones

bresuse the tochniques were still being estoablished. Thus, the shape would be

{Ylutter for the earlier sheots nand could account for this non-random distribution

of errors between soctors.

It should 4lso be noted thet much of thr cause for surface errore is a direct

ii result of th: subst-ndurd di».  This can be seen in comparing optical inspection
l photos of the sectors belors cud witer asss=mbly of the shell. Figure 3.10-8

iz n vhoto o ¢ eturs 5=t and G- bofore wssembly. Tdentical deviations can be

seen in comparing them with the ssme sectors in Figure 3.10-3. Flgure 3.10-8

suoulsdt be used only Jor identirying locations of the cheracteristic stretch

v
§ form deviations. Absolube angular devistions crnnot be taken from the photographsg
9 beeruse 1t was alfficult to nosition the single sectors such that each one or
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areas of & particular one had the same focal poilnt. They serve the purpose

of batore-nni-uiter comparison, howaver.

Additionel penels will be stretch formed soon on inother contract. It is
exnacted thrt mueh improved surface quality will be achieved for two reasous.
First, « «i~ machined on a tnped director controlled machin: will provide a
much improvad forming surface. Secondly, saluminum ulloy 3003 stoek will be

3

uged.  Thus, Luder's lines are expected to be less pronouncad ii not avoided.

For easz of datn reduction, the shadow on the= nhotographs wes made more pronounced
by truzeins salong the center of the grid lines with a pen. This made easier

measurament Ifrom the traced line to the pattern ref=rence lines.

Besed on the projectsd grid inspection results, the S/IP 2 collzctor is pradicted
%0 b the best ontieally and should be ovalusted before the othsr two. The

S/1 3 eollector is comprised of a poorer grade of sectors because the selection
wig mnde irorn the last of the stretch formed lot, wlthough the surface finish

anud retlectivity are better than S5i's 1 snd 7. The geometric shape sttributable

to the chell assembly should be comparabls, however, to 8,/ 2.

70 determine @ rough concentration ratio for these concentrators, a simple focal
pline support woo bullt as shown in Pigure 3.10-2. The sun wis manuully tracked
and the spot wis weosured by observing it sith the 2id of & Tilter. The spot

~ 7 -

for &/ Wwie somewhat 1llintical and not sreatsr than 1.5 inches on the major

ixte., Tlowsver, it woe difficult To get a messurement because the steinless

©“

¢t

il
—
+

tod within 5 geconds. It is oxpected that th: concentration

e e de
| VRPN SRS

.}.‘.J

ratio (ith rensonably high =fficl ney) is In the 1500 to 2500 range.
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Additionsl insnection and pertinent deta are svallable in Figures 3.10-10A

el 3 10 ‘].()t .

3.11 Other Collector Configurations

Collectors of other dizmeters and rim angles can be made by this same fabrication
procedure. Stretch foruing machine and aluminum stock limits would place an

U gectored nsscmbly upper limit ot 12 feet in diameter. Larger diameters would

L ke U VN P RV s o
be made, with only o small woight

penslty, by increasing the mumber of sectors.

o

Py

Th upper limit of collector diameter cannot be establieshed without considering
the bende-offe regarding the velue of lurger collesctors versus the luncreased
shructural rogulrements Jur Lo lurger sreas exposad to accelaration and other

1o is.

The ooin cast and taped director controlled machins methods would be used to
obtuin » dis of sufficient accurncy for the stretch forming. A male replica
would be cast from the spin easting should this method be used. In the larger

dianetszrs, th. spin cacting wmethod would probably be the most economlenl. In

both eas2e th> sccuracy has been shown to be adequate.
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L0 0OOCLISIONS A'D HECOM/E DATIONS

Jeveral problem areaé>§§fn ancountarad durlng the contract that in sum totsl
srevented the resulting collectors from me~ting the optical requirements necessary
four use with ? thermionic converter. TJecause of fund limltations, the necessary
corrective nctions could not be teken. However, it is strongly felt that the
fabrication method cen provid» the desired quality should these actlons be

msde with sdditional work. The low specific weight of 0.58 1h/ft2, compared to
1.0 lb/ft; for other materials of comstiruction, and its nonmagnetic property

ar= strong fzctors in favoring further development.

T+ {s therefore recommend=d that additional work be done to refine the fabrication
techniques. The proposad effort would include the following:
1. Fabricate a new 60 inch die, either by improved replica techniques

or by use of the glass master properly reinforced.

[a9]

Use 1luminum slloy 3003 or 3004 to avoid Luder's lines.
3. Modify the sector joint design to avoid surface errors.

4. Use improved surface finish improvement techniques wherein
clean room facilities and modifieations to the present coating

method are used.

Conduet thermal and structural design stuides Iincluding limited

N

exnerimental verification of the better design aspects.

£&. Improve the stiffener ring and mount point design to reduce
¢ht @nd provide required stiffness based on results of

nrevious sten.

7. Fubricate another 60 inch collector incorporating all the

design improvements for evaluation at HASA Langley.
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